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AIRFOIL FOR AN AXIAL SEPARATOR 
CLEANING AIR BLAST DUCT 

FIELD OF THE INVENTION 

The invention relates to ducts for routing engine cooling 
air to pneumatically blast dust, chaff and other debris off the 
top of an axial separator and associated drive mechanism. 
More speci?cally, the present invention related to placing an 
airfoil in the air-stream of such a duct for optimal perfor 
mance. 

BACKGROUND OF THE INVENTION 

In threshing a harvested crop, the grain is separated from 
straW and chaff and deposited into a holding tank. With 
conventional combines the harvested crop is directed to a 
transversely mounted threshing cylinder and concave, Which 
threshes the crop, separating the grain from the straW. The 
residue is then directed to a beater further separating the 
grain from the straW. The straW residue is then passed over 
oscillating apertured straW Walkers Which direct the straW 
out of the back of the combine While alloWing additional 
grain to fall through the apertures. Grain and chaff falling 
from the threshing concave and straW Walkers is directed to 
a cleaning shoe for separating the chaff from the grain. A 
bloWer assembly is used in this ?nal step to bloW the lighter 
chaff aWay from the heavier grain. In a rotary combine, the 
grain is directed to a cylindrical tube housing a rotor. The 
harvested crop is threshed and separated in the cylindrical 
tube With the grain and chaff falling therefrom in a manner 
similar to the conventional combine. 

A hybrid machine having a transverse threshing cylinder 
and a pair of axial separating units is disclosed in US. Pat. 
No. 4,739,773, Which is incorporated herein by reference. 
The axial separating units comprise cylindrical tubes having 
rotors housed therein. It has been found that dust, chaff and 
other debris collects on the top of the axial separating units. 
It is knoWn to provide an air duct that receives an air stream 
from a cooling system fan to bloW debris off the top portion 
of an axial separator unit. Examples are disclosed in US. 
Pat. Nos. 5,088,960 and 6,468,153. It is desirable for such a 
duct to provide an air stream With suf?cient volume and 
velocity to effectively bloW debris from that area. 

SUMMARY OF THE INVENTION 

The present invention is directed to using engine cooling 
air to pneumatically blast dust, chaff and other debris off the 
top of the axial separator units and the linkage that drives the 
rotors of the axial separator units. DuctWork directs cooling 
air from the engine cooling system to the top of the axial 
separator and the rotor drive linkage. A de?ector located 
above the separator divides the air into a forWard component 
and a rearWard component. An airfoil is placed near the inlet 
of the ductWork to help direct air toWard the outlet and 
prevent air from recirculating back toWard the inlet. Air?ow 
through the ductWork is thereby enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a semi-schematic side vieW of a combine having 
a transverse threshing cylinder and an axial separator. 

FIG. 2 is a semi-schematic top vieW of the combine. 

FIG. 3 is a side vieW of the prior art ductWork. 
FIG. 4 is a front vieW of the prior art ductWork. 

FIG. 5 is a side vieW of the ductWork of the present 
invention. 
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2 
FIG. 6 is a front vieW of the ductWork of the present 

invention. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a self-propelled combine 10 having a 
supporting structure 12. The supporting structure is sup 
ported and propelled by ground engaging means comprising 
Wheels 14. The ground engaging Wheels 14 are driven by a 
propulsion means including an engine 48 for propelling the 
combine 10 across a ?eld. Although the combine 10 in the 
illustrated embodiment is shoWn With Wheels 14, tracks or 
belts could also be used exclusively, or in combination With 
Wheels 14, to support and propel the combine 10. 

The forWard part of the combine 10 is provided With a 
harvesting platform 16 for harvesting a crop in a ?eld and 
directing the harvested crop upWardly through a feederhouse 
18 to the threshing and separating mechanism. The threshing 
mechanism comprises a transverse threshing cylinder 20 and 
associated concave 21 to Which the harvested crop is ini 
tially directed. The threshed crop is then directed to a 
stripping roller 23 and beater 22 from Which it enters axial 
separator 24. 
A similar axial separator is disclosed in US. Pat. No. 

4,884,994 Which is incorporated herein by reference. Such 
an axial separator comprises a pair of side-by-side cylindri 
cal tubes. Each tube is provided With a rotor having ?xed 
?ngers or tines. Threshed crop material from the beater 22 
is top fed into the tubes Where it engages the rotors. The top 
inside surface of each tube is provided With vanes for driving 
the crop material rearWardly as the rotor tines throW the crop 
material upWardly to engage the vanes. The bottom of each 
tube is provided With grates through Which grain and chaff 
fall onto shaker pan 32. Residue straW is discharged from the 
rear of the tubes. 

Grain and chaff falling from the threshing and separating 
means falls onto auger 30 and shaker pan 32 Which direct the 
grain and chaff to cleaning shoe 34. The cleaning shoe is 
provided With a bloWer assembly 36 to assist in separating 
the grain from the chaff. Clean grain is driven by the clean 
grain cross auger 38 to an elevator (not shoWn) Which directs 
the grain to grain tank 40. Tailings cross auger 42 directs 
unthreshed heads back to the threshing means through 
another elevator (not shoWn). Clean grain is unloaded from 
grain tank 40 through an unloading system comprising cross 
augers 44 and unloading auger 46. 

All the various systems are driven by internal combustion 
engine 48 Which is controlled by the operator from opera 
tor’s cab 50. The threshing mechanism, separating mecha 
nism and cleaning mechanism are housed Within the side 
Walls of the supporting structure. 
As illustrated in FIG. 2, engine 48 is located on a Work 

platform 52 located to the rear of grain tank 40. The Work 
platform 52 is used to service the engine 48. The engine 
cooling system comprising a cooling fan, a radiator, charged 
air cooler, oil coolers, fuel cooler, condenser, and a self 
cleaning rotary screen are located at 54. Such a cooling 
system is shoWn in US. Pat. No. 4,906,262, Which is 
incorporated herein by reference. 
DuctWork 56 for intercepting a portion of the cooling air 

stream is located behind the engine 48 and pneumatically 
doWnstream of the engine cooling fan. The ductWork 56 
typical of the prior art is best illustrated in FIGS. 3 and 4. As 
cooling air is draWn by the cooling fan through the heat 
exchangers and rotary screen it forms a transverse horiZontal 
air stream. Most of this horiZontal air stream is directed to 
the engine 48 by shroud 59, hoWever, a portion of this air 
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stream is intercepted by inlet 60 of the ductWork 56. The 
structure of the ductWork 56 changes the direction of the air 
stream so that it ?oWs vertically downward toWards the axial 
separators 24. 

The air is expelled from the ductWork 56 through duct 
Work outlet 62 Which is aligned With an opening located in 
the Work platform 54. As the noW vertically doWnWard air 
stream is directed through outlet 62 it encounters de?ector 
66. Air de?ector 66 divides the air stream into tWo 
components, a forWard component and a rearWard compo 
nent. The air de?ector changes the direction of the air stream 
from a vertically doWnWard air stream into a substantially 
horiZontal axial air stream having forWard and rearWard 
components Which serve to bloW debris from the top of the 
separator units 24. 

The forWard and rearWard components of the horiZontal 
axial air stream prevents dust and other debris from accu 
mulating on top of the axial separators 24 and their drive 
linkages. ForWard exhaust openings 68 can be formed in the 
side Walls of the supporting structure. These openings 68 can 
vent the forWard space located betWeen the de?ector 66 and 
the openings 68. Dust and chaff can be expelled from the 
combine 10 through these apertures 68. Exhaust gap 70 can 
be formed betWeen the bottom of the Work platform 54 and 
rear top portion of the axial separator units 24. This gap 70 
can be used for venting the rearWard space betWeen the 
de?ector 66 and the rear portion of the axial separator units 
24. 

The vertex 72 of the de?ector 66 is positioned to force 
some air exiting the duct 56 forWardly and some air rear 
Wardly. The de?ector 66 is designed and positioned to force 
a large quantity of air forWard as the exhaust openings 68 are 
pneumatically more inef?cient than exhaust gap 70 as the 
air?oW must make a perpendicular turn to escape through 
the sideWalls. Less air?oW is needed to the rear, as the 
transverse gap 70 is better aligned With the air?oW across the 
top of the separator 24. 

The ductWork 56 of the illustrated prior art includes a 
plastic conduit 74 that extends in an arc betWeen its inlet 60 
and outlet 62. The curve of the conduit 74 gradually redirects 
the air stream therein from a horiZontal direction of travel to 
a vertical direction of travel. This gradual redirection of air 
helps minimiZe the velocity drop that may occur as the air 
stream is redirected. A large portion of the air stream Within 
the conduit 74 is located proximate the curved Wall 78 of the 
conduit at point A. As the air?oW in this location is redi 
rected by curved Wall 78 doWnWardly to a vertical ?oW path 
near point B the air may begin to spread out aWay from the 
curved Wall 78 and toWard opposite Wall 80. If the air stream 
in this location is alloWed to spread out enough it may tend 
to sWirl in an upWard direction Within the conduit 74 in this 
location, hindering air?oW through the conduit 74, and 
thereby decreasing the duct’s ability to bloW debris from the 
top of the separator units 24. 

To mitigate upWard sWirling of the air?oW, the prior art 
conduit 74 illustrated includes a neck portion 76 proximate 
the location at Which the air stream begins traveling verti 
cally. The presence of the neck portion 76 establishes a 
restriction that generally blocks the air from sWirling 
upWardly at that location. Additionally, the outlet 62 of the 
conduit ?ares outWardly from the neck portion 76 to form a 
trumpet-like shape, thereby establishing a larger cross sec 
tional area than the neck portion 76. This alloWs the air 
stream to easily exit the conduit 74 With little resistance, 
thereby enhancing the ?oW through the conduit 74. 

FIGS. 5 and 6 illustrate ductWork 100 of the present 
invention. An airfoil 102 extends transversely across the 
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4 
middle of the conduit 74 to more effectively direct air toWard 
the outlet 62. The airfoil 102 also acts to prevent air from 
recirculating back toWard the inlet 60, thereby increasing 
air?oW through the ductWork 100. The airfoil 102 comprises 
a leading edge 104, and trailing edge 106 doWnstream from 
the leading edge, an upper surface 108, and a loWer surface 
110. The airfoil 102 has a chord 112 With a chord length 114 
extending from the leading edge 104 to the trailing edge 106. 
The leading edge 104 of the airfoil is located near the inlet 
60, With the chord 112 extending doWnWard at roughly 10 
degrees from horiZontal. 
The airfoil 102 is shoWn as having a chord length 114 that 

is substantially less that the length of the conduit, resulting 
in a substantial portion of the airfoil 102 being upstream of 
the neck portion 76. The airfoil 102 is illustrated With a 
constant thickness 116, but may be formed With variable 
thickness to further optimiZe performance. The shape of the 
airfoil 102 in the illustrated embodiment is molded into the 
ductWork 100 as a thru-formed conduit feature open at both 
sides. Note that the airfoil 102 location, orientation, and 
chord length 114 may be re?ned for optimal performance in 
different operating conditions. Additionally, although one 
airfoil 102 is shoWn in the illustrated embodiment, tWo or 
more airfoils 102 could be placed in the conduit 74. 

In operation, the airfoil 102 Works to accelerate the 
air?oW over the top surface 108 and help direct that air?oW 
doWnWard toWard the outlet 62. The acceleration by the 
airfoil 102 helps speed the air?oW through the conduit 74, 
increasing overall air?oW volume. The assistance provided 
by the airfoil 102 in changing air?oW direction helps keep 
the air?oW from reacting against the curved Wall 78 and 
spreading out in the conduit 74 at point B, preventing 
recirculation back toWard the inlet 60. At the same time, the 
airfoil 102 Works to increase the relative pressure beloW the 
loWer surface 110, acting to further inhibit recirculation back 
toWard the inlet 60. The net effect is an overall increase in 
performance over the ductWork 56 illustrated in FIGS. 3 and 
4. 

Having described the illustrated embodiment, it Will 
become apparent that various modi?cations can be made 
Without departing from the scope of the invention as de?ned 
in the accompanying claims. 
What is claimed is: 
1. In an agricultural combine comprising a supporting 

structure having ground engaging means for supporting and 
propelling the supporting structure, a separating unit being 
located Within the supporting structure, the separating unit 
having a top, a fan located on the supporting structure and 
Which forms an air stream, and ductWork for directing the air 
stream to the top of the axial separator unit for bloWing 
debris therefrom, the ductWork comprising a clear conduit 
having a conduit length, an inlet Which receives generally 
horiZontally traveling air from the fan, and an outlet Which 
directs the air generally vertically doWnWard, an improve 
ment comprising: 

at least one airfoil transversely extending across the 
conduit, the airfoil comprising a leading edge, a trailing 
edge located doWnstream from the leading edge, a 
thickness, and a chord extending from the leading edge 
to the trailing edge, the chord having a chord length 
substantially less than the length of the conduit, the 
airfoil being adapted to encourage air?oW doWnWard 
toWard the outlet and to discourage air from sWirling 
back toWard the inlet. 

2. The improvement described in claim 1 Wherein the 
leading edge of the airfoil is located proximate to inlet. 

3. The improvement described in claim 2 Wherein the 
thickness of the airfoil is substantially constant. 
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4. The improvement described in claim 3 Wherein the 
airfoil comprises a conduit openly extending transversely 
through the ductWork. 

5. In an agricultural combine comprising a supporting 
structure having ground engaging means for supporting and 
propelling the supporting structure, a separating unit being 
located Within the supporting structure, the separating unit 
having a top, a fan located on the supporting structure and 
Which forms an air stream, and ductWork for directing the air 
stream to a top of the axial separator unit for bloWing debris 
therefrom, the ductWork comprising a clear conduit having 
a conduit length, an inlet Which receives generally horiZon 
tally traveling air from the fan, and an outlet Which directs 
the air generally vertically doWnWard, the duct having a 
neck portion proximate to and above the outlet, the neck 
portion having a smaller cross sectional area than the inlet 
and the outlet, an improvement comprising: 

at least one airfoil transversely extending across the 
conduit, the airfoil comprising a leading edge, a trailing 
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edge located doWnstream from the leading edge, a 
thickness, and a chord extending from the leading edge 
to the trailing edge, the chord having a chord length, the 
airfoil being adapted to encourage air?oW doWnWard 
toWard the outlet and to discourage air from sWirling 
back toWard the inlet. 

6. The improvement described in claim 5 Wherein a 
substantial portion of the airfoil is located upstream from the 
neck portion. 

7. The improvement described in claim 6 Wherein the 
leading edge of the airfoil is located proximate to inlet. 

8. The improvement described in claim 7 Wherein the 
thickness of the airfoil is substantially constant. 

9. The improvement described in claim 8 Wherein the 
airfoil comprises a conduit openly extending transversely 
through the ductWork. 


